Background: Coinfection with hepatitis B virus (HBV) or hepatitis C virus (HCV) in HIV-infected patients receiving a commonly used nevirapine-based antiretroviral therapy is a major concern for African clinicians owing to its high prevalence, the infrequent testing and treatment of viral hepatitis, and the impact of liver disease on the tolerability and effectiveness of anti-HIV treatment. We compared the hepatotoxicity and the immunological, virological and clinical effectiveness of a nevirapine-based antiretroviral therapy between patients infected with HIV only and patients coinfected with hepatitis B or C virus in Cameroon. Methods: A retrospective cohort study was conducted among HIV-1-infected patients. Plasma HBV DNA and HCV RNA were tested in positive or indeterminate samples for HBsAg or HCV antibodies, respectively. All patients received nevirapine and lamivudine plus stavudine or zidovudine. Results: Of 169 HIV-1-infected patients with a median baseline CD4 count of 135 cells/mm 3 (interquartile range [IQR] 67-218), 21% were coinfected with HBV or HCV. In coinfected patients, the median viral load was 2.47 × 10
). Multivariate analyses showed that the risk of hepatotoxicity was 2-fold higher in coinfected patients (p < 0.01). The response to antiretroviral therapy was however comparable between monoinfected and coinfected patients in terms of CD4 cell count increase (p = 0.8), HIV-1 viral load below 400 copies/mL (p = 0.9), death (p = 0.3) and death or new AIDS-defining event (p = 0.1). Nevirapine was replaced by a protease inhibitor in 4 patients owing to hepatotoxicity. Conclusion: This study suggests that the nevirapine-based antiretroviral therapy could be used safely as first-line treatment in patients with low CD4 cell count in Africa despite frequent coinfections with HBV or HCV and infrequent testing of these infections. Although testing for HBV and HCV should be systematically performed before initiating antiretroviral therapy, transaminases elevations at baseline or during treatment should be a decisive argument for testing when hepatitis status is unknown.
Background
Coinfection with hepatitis B virus (HBV) or hepatitis C virus (HCV) in HIV-infected patients receiving a nevirapine-based antiretroviral therapy is a major concern for African clinicians owing to its high prevalence, the infrequent testing and treatment of viral hepatitis, and the impact of liver disease on the tolerability and effectiveness of anti-HIV treatment [1] . While HIV-related morbidity and mortality are decreasing thanks to the scaling-up of antiretroviral therapy, the impact of liver disease is likely to increase in Africa. In addition, initiation of antiretroviral therapy has been suggested in all patients coinfected with HIV and hepatitis B or C virus irrespective of the CD4 cell count.
Nevirapine, the non nucleosidic reverse transcriptase inhibitor (NNRTI) most often used in first-line treatment in combination with two nucleosidic reverse transcriptase inhibitors, is associated with early hypersensitivity reactions (generally in the first 12 weeks after treatment initiation) which can cause fulminant hepatitis leading to hepatic failure and death, and with later onset of direct drug-related hepatotoxicity leading to liver enzymes elevations [2] . The risk of hepatotoxicity is increased in patients coinfected with HBV or HCV [3] [4] [5] . The World Health Organization (WHO) therefore recommends to use nevirapine with caution and regular monitoring in patients who have baseline grade 1, 2 or 3 elevations of liver enzymes and positive or unknown HBV or HCV testing [6] . In addition, nevirapine is not recommended in patients with a grade 4 elevation of liver enzymes.
The impact of HBV or HCV coinfection on the effectiveness of a nevirapine-based antiretroviral therapy remains unclear owing to the lack of specific studies especially in the African context. A recent South African study in HBV-coinfected patients receiving the less hepatotoxic efavirenz (the second NNRTI used in firstline treatment) found similar response to antiretroviral therapy between monoinfected and coinfected patients despite higher hepatotoxicity in the latter [7] . Regardless of antiretroviral regimens (often not reported), studies on HBV or HCV coinfection in Western and Asian countries provided conflicting results with respect to CD4 cell increase, HIV suppression, AIDS progression and mortality [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] .
We therefore compared the hepatotoxicity and the immunological, virological and clinical effectiveness of a nevirapine-based antiretroviral therapy between patients infected with HIV only and patients coinfected with HIV and hepatitis B or C virus in Cameroon [22] .
Methods

Study design
A retrospective cohort study was conducted in two major hospitals (the Military Hospital and the Central Hospital) in Yaoundé, the capital of Cameroon, among HIV-1-infected patients enrolled from 2001 to 2003 in two clinical research projects designed to assess antiretroviral treatments [23] [24] [25] . The National Ethics Committee of Cameroon approved the study protocols, and the patients gave their written informed consent. The eligibility criteria, follow-up methods, medical and social staff, and coordinators were similar in the two projects. Briefly, patients over 18 years were eligible if they had confirmed HIV-1 infection, AIDS or a CD4 count below 350 cells/mm 3 , a Karnofsky score over 50%, and no contraindications to antiretroviral treatment, including serum liver enzyme levels less than five times the upper limit of normal (ULN) in the first project or less than three times the ULN in the second project. All patients received nevirapine and lamivudine plus stavudine or zidovudine. Tenofovir was not available. Efavirenz was temporarily substituted for nevirapine in case of concomitant tuberculosis therapy. Care (visits and laboratory exams) and drugs (antiretrovirals, and preventive and curative treatments for opportunistic infections) were provided free of charge.
Clinical and laboratory procedures
Hepatitis B and C markers were assessed on baseline blood samples frozen at -80°C. Enzyme immunoassays (EIA) were used to detect hepatitis B surface antigens (HBsAg; Monolisa Ag HBs Plus, Bio-rad, Marnes la coquette, France) and antibodies to hepatitis C virus (anti-HCV; Ortho HCV EIA 3.0, Ortho-clinical Diagnostics, Riratan, NJ, USA 
Statistical analysis
Patients were classified as coinfected if they had positive HBV DNA or HCV RNA. The analyses were based on an intention-to-treat approach. Data were censored at the time of each patient's month 24 visit or, if follow-up was shorter, at the time of the last visit or death. The χ 2 test and, when sample sizes were too small, Fisher's exact test were used to compare the distribution of categorical variables between the infection groups (HBV or HCV-coinfected patients versus HIV-monoinfected patients). For continuous variables, comparisons were based on the non parametric Mann-Whitney two-sample test.
Hepatotoxicity was first assessed by using two end points: 1) occurrence of at least one episode of grade 2 or higher hepatotoxicity, and 2) occurrence of at least one episode of grade 3 or 4 hepatotoxicity. KaplanMeier curves were plotted and differences between monoinfected and coinfected patients were checked for significance by the log-rank test. Cox proportional hazard models were used to compare hepatotoxicity between groups adjusted on baseline covariates. The proportional hazards assumption was evaluated by both graphic and statistical (based on Schoenfeld residuals) methods. A multivariate Poisson regression was then used to compare between groups the highest grade of hepatotoxicity reached by each patient during follow-up. The evolution of the CD4 cell count during follow-up was estimated using a mixed-effect linear regression model. Taking into account the biphasic evolution of the CD4 cell count during antiretroviral therapy [26] , we allowed the slope to change after 6 months and included a quadratic effect in the second phase. In order to compare the CD4 cell counts evolution in monoinfected and coinfected patients, terms of interaction between infection status and each phase's slope or quadratic effect were tested. The CD4 cell counts were square root-transformed to approximate a normal distribution. The time to reach a viral load below 400 copies/ mL, death, and death or new AIDS-defining event from treatment initiation were compared between groups by using multivariate Cox models.
Multivariate analyses were adjusted on the following baseline covariates: gender (women versus men), age (≥ 42 versus <42 years), time since diagnosis of HIV infection (<24 versus ≥ 24 months), body mass index (≥ 21 versus <21 kg/m 2 ), Karnofsky score (<100% versus 100%), CDC clinical stage, CD4 cell count (≥ 100 versus <100 cells/mm 3 ), HIV-1 viral load (<5.0 versus ≥ 5.0 log 10 copies/mL), hemoglobin level (≥ 10 versus < 10 g/ dL), total lymphocytes count (≥ 1700 versus < 1700 cells/mm 3 ), liver enzymes levels (≥ 1.25 versus < 1.25 × ULN), antiretroviral therapy and cotrimoxazole prophylaxis. Independent covariates associated with outcomes with a conservative p value of < 0.25 in univariate analysis were subsequently tested in multivariate analysis. A backward elimination procedure was used to determine the final model containing only the infection group, together with significant covariates and potential confounders. The incidence rates of hepatotoxicity, deaths, and deaths or new AIDS-defining events were expressed as the number of patients with at least one episode of the given event per 100 person-years of follow-up. For the incidence rates as for the survival analyses, data were censored at the time of the first episode of the given event. All analyses were performed using STATA 10.01 software (STATA Corporation, college Station, TX, USA). Half the patients received zidovudine, lamivudine and nevirapine at baseline, and the other half received stavudine, lamivudine and nevirapine. Nevirapine was interrupted during follow-up in 16 monoinfected patients (12%) and 4 coinfected patients (11%) because of tuberculosis (n = 9 and 2, respectively), adverse effects (n = 4 and 2, respectively) and antiretroviral drug resistance (n = 3 and 0, respectively).
Results
Patients
Hepatotoxicity
A total of 1588 measures of liver enzymes were available. The number of measures per patient was similar in both infection groups (median 10, IQR 9-11, p = 0.2). Two patients only (both were coinfected) had a grade 2 hepatotoxicity at baseline (90 IU/L and 97 IU/L, figure 1 ). Of note, all episodes of hepatotoxicity in the coinfected patients occurred in the first six months. In monoinfected patients, such episodes occurred throughout the follow-up (although more frequently in the first months). In multivariate Cox analysis, the risk of grade ≥ 2 hepatotoxicity remained higher in coinfected patients (hazard ratio Three patients developed a rash in the first four weeks (two women with baseline CD4 counts of 31 and 307 cells/mm 3 , respectively, and one man with a baseline CD4 count of 18 cells/mm 3 ). Only the male patient was coinfected (HBV viral load 4.88 × 10 7 IU/ mL). Nevirapine was replaced by a protease inhibitor in all three patients. The woman with a high CD4 cell count experienced simultaneously a grade 3 hepatotoxicity. Nevirapine was also replaced by a protease inhibitor in one other (monoinfected) patient with an isolated grade 3 hepatotoxicity. No patient had clinical hepatitis.
Immunological response
The number of CD4 cell counts per patient was comparable between the monoinfected group (median 5, IQR 3-5) and the coinfected group (median 4, IQR 4-5; p = 0.5). As shown in figure 2A , the CD4 cell count increased after treatment initiation from 143 to 325 cells/mm 3 
Virological response
The number of HIV-1 RNA measures per patient was similar in both infection groups (median 5, IQR 4-6, p = 0.8). The proportion of patients with viral load below 400 copies/mL was 91% and 85% after 3 months and 91% and 78% after 24 months in monoinfected and coinfected patients, respectively (figure 2B). The time for reaching a viral load below 400 copies/mL did not differ between the groups (HR 1.00, CI 0.68-1.47, p = 0.9; table 2). No other variable remained in the model.
Deaths or new AIDS-defining events
There were 16 deaths (12%) in monoinfected patients and 3 (9%) in those coinfected. The mortality rates were 7.2 (CI 4.4-11.7) and 4.8 (CI 1.4-15.0) per 100 personyears, respectively. The Kaplan-Meier curves did not differ significantly between the groups (p = 0.6, figure 3A) . In multivariate analysis, death was not associated with coinfection (HR 0.52, CI 0.14-1.93, p = 0.3; table 2) after adjustement on gender (HR 0.29, CI 0.11-0.77, p = 0.01), age (HR 1.90, CI 0.68-5.29, p = 0.2), CD4 cell count (HR 0.15, CI 0.04-0.55, p = 0.004) and hemoglobin level (HR 0.28, CI 0.11-0.74, p = 0.01). In the monoinfected group, the deaths were related to advanced HIV disease (n = 5), poor general health (n = 5), multifocal tuberculosis, pulmonary infection, wasting, malaria, pancreatitis and hepatic carcinoma (n = 1 each). In the coinfected group, death was related to advanced HIV disease, poor general health and persistent fever of unknown origin (n = 1 each); the first two patients had taken traditional medicines.
Deaths or new AIDS-defining events occurred in 25 monoinfected patients (19%) and 5 coinfected patients (14%). The respective incidence rates were 10.6 (CI 7.0-16.1) and 6.7 per 100 person-years (CI 2.5-17.8). The Kaplan-Meier curves showed no significant difference between the groups (p = 0.5, figure 3B ). In multivariate analysis, the occurrence of deaths or new AIDS-defining events was not associated with coinfection (HR 0.37, CI 0.11-1.29, p = 0.1; table 2) after adjustement on age (HR 1.33, CI 0.53-3.32, p = 0.5) and body mass index (HR 4.40, CI 1.98-9.78, p < 0.001).
Discussion
This study in Cameroon showed a higher hepatotoxicity in HBV or HCV-coinfected patients receiving a nevirapine-based antiretroviral therapy than in their HIVmonoinfected homologues. However, this adverse event did not impact negatively on the effectiveness of treatment.
Altogether, our analyses showed that the risk of hepatotoxicity was 2-fold higher in hepatitis B or C coinfected patients. This finding is consistent with previous reports [11, 17, 27, 28] , especially with a study in patients receiving a nevirapine-based treatment in United States [29] . Of note, HCV-coinfected patients accounted for 76% of overall coinfected patients with liver enzymes elevations >2.5 times the ULN (ALT and/or AST levels) during treatment and 100% of those with liver enzymes elevations >5 times the ULN (as compared with 60% of the study's coinfected group). It should however be noted that HCV infection was not treated while HBV infection was treated with lamivudine monotherapy. Although anti-HBV lamivudine monotherapy has been shown to lead to frequent emergence of drug resistance [30] and, consequently, to possible acute hepatitis, fulminant hepatic failure, and death [3] , lamivudine was likely to be effective against HBV in the first months of treatment when most episodes of hepatotoxicity occurred. Importantly, up to half the coinfected patients experienced liver enzymes elevations >2.5 times the ULN. Overall, the hepatic tolerability of the nevirapine-based antiretroviral therapy was as expected. Seven percents of patients experienced liver enzymes elevations >5 times the ULN. In a comprehensive analysis of 17 randomized clinical trials of nevirapine, the rate was 10% after one year of treatment [31] . A higher rate of 17% has been found in South African patients who had a mean baseline CD4 count of 398 cells/mm 3 [32] . Our lower rate should be explained by the profound immunodeficiency of our patients at the time of treatment initiation (median CD4 count of 135 cells/mm 3 ). Indeed, transaminases elevations >5 times the ULN in patients receiving nevirapine has been associated with sex-dependant CD4 cell count [5] . Thus, nevirapine should be avoided in women with a CD4 count above 250 cells/mm 3 and in men with a CD4 count above 400 cells/mm 3 . In our study, only 13% of women and no man had a CD4 cell count above these respective cuttoffs. Most transaminases elevations in our patients were asymptomatic. Only 2% of patients had a rash following treatment initiation. In their analysis, Dieterich et al found a rash in 2.2% of patients [31] . On the other hand, the incidence rates of liver enzymes elevations >5 times the ULN in our monoinfected and coinfected patients were comparable to those reported in South African patients receiving an efavirenz-based antiretroviral therapy [7] .
The immunological response to the nevirapine-based antiretroviral therapy was comparable between coinfected and monoinfected patients, in accordance with several studies irrespective of the treatment prescribed [7, 11, 13, 14, 18, 20] . In contrast, other studies found delayed CD4 cell count recovery in coinfected patients especially in those coinfected with HCV [8] [9] [10] 21] . However, this lower immunological response was not sustained beyond the first few months in the Thai and Swiss studies [10, 33] .
The virological response also was comparable between patients coinfected with an hepatitis virus and patients infected with HIV only. Increased risk for virological failure has been reported in HBV-coinfected patients in Taiwan [11] . However, most other studies like ours did not find any difference [7, 9, 10, 17, 21] .
The clinical progression did not differ significantly between coinfected and monoinfected patients but treatment was initiated late (median CD4 count of 135 cells/ mm 3 ) . Surprisingly, deaths or new AIDS-defining events were less common in coinfected patients. A possible explanation could be a close medical supervision of coinfected patients owing to frequent liver enzymes elevations. Higher rates of deaths (from any cause, liverrelated causes and/or AIDS-related causes) and/or new AIDS-defining events in patients coinfected with HBV or HCV has been reported by some [8, [11] [12] [13] [14] [15] [16] 18, 20] but not all studies [7, 9, 10, 17] . In our study, only one death was from a liver-related cause and this was recorded in a monoinfected patient. Intake of traditional medicines which have a potential for hepatic toxicity was however reported in two of the three coinfected patients who died.
The main limitation to our study was the relatively small sample size. However, a significant higher risk of hepatotoxicity in coinfected patients was demonstrated. Also, the absence of viral hepatitis impact on immunological and virological responses to antiretroviral therapy was strongly suggested by the regression coefficients and hazard ratio, respectively. Finally, the risk of clinical progression tended to decrease in coinfected patients which is likely to be related to an unmeasured confounding factor. The exclusion of patients presenting with serum liver enzyme levels higher than three or five times the ULN values (depending on the initial study) could have led to a selection bias (exclusion of patients with an advanced hepatitis clinical stage) but this is concordant with the recommendations for nevirapine use. Classification biases for hepatitis status could also not be ruled out because seronegative blood samples were not tested for HBV DNA or HCV RNA. Higher rates of negative HBsAg or anti-HCV results in viraemic samples have been observed in immunocompromised HIV-infected patients [3, 4] . In addition, unrepeated testing of HBV and HCV during follow-up did not allow to identify new or reactivated hepatitis infections. New infections, if any, were however likely to be rare owing to the study's duration and, for HBV, the usual childhood infections in Africa through close contacts within households and, to a lesser extent, vertical transmission (unclear modes of transmission for HCV) [1] . On the other hand, no symptomatic reactivated hepatitis infections were recorded. In contrast, classification of patients on the basis of HBV DNA and HCV RNA is clearly a strength of our study while most other studies only used serological assays.
Conclusion
This study suggests that the nevirapine-based antiretroviral therapy could be used safely as first-line treatment in patients with low CD4 cell count in Africa despite frequent coinfections with HBV or HCV and infrequent testing of these infections. Although testing for HBV and HCV should be systematically performed before initiating antiretroviral therapy, transaminases elevations at baseline or during treatment should be a decisive argument for testing when hepatitis status is unknown.
